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Abstract

A corporate memory is an explicit, disembod-
ied, and persistent representation of knowledge
and information in an organization. Compe-
tence management is an essential part of a cor-
porate memory. In this paper we introduce a
Competence Manager, which allows managing
and publishing competencies and other relevant
resources about a set of topics. The knowl-
edge base in the Competence Manager is imple-
mented using ontologies. Thus, in this paper we
demonstrate, how the Semantic Web technolo-
gies can be used in a practical application on
the area of competence management. The front-
end of the Competence Manager is accessed us-
ing a Web-based interface, which connects to the
back-end system through a Web service inter-
face. The Competence Manager provides oper-
ations for querying the knowledge base, manag-
ing the ontologies, and providing reports about
the resources stored the knowledge base.

1 Introduction
A corporate memory is an explicit, disembodied, and per-
sistent representation of knowledge and information in an
organization [Dieng et al., 1999]. The corporate memory
allows access to, and reuse of the organizations’s knowl-
edge, which is a sum of the knowledge of its members.
The corporate memory can be best characterized as being
distributed and heterogeneous [Gandon et al., 2002]: the
information landscape of the corporate memory, the popu-
lation of users (employees) of the memory within the orga-
nization, and tasks to be performed on corporate memory
are all by nature distributed and heterogeneous.

Competencies cover only a part of a corporate memory,
but in our opinion the competence management is a good
starting point and an essential building block in a compre-
hensive corporate memory management system. In this
paper we describe an ontology-based corporate memory
tool called Competence Manager, with which the members
of an organization (e.g., a company) are able to manage
and publish their competencies and other relevant resources
about a set of topics. Once published, other users are able

to make queries to the Competence Manager to find out
suitable persons and/or other resources for instance when
forming a project. The difference to other typical com-
petence management tools is that in the case where the
best candidates (i.e., persons having competence directly
on the searched topic) are not available, the candidates hav-
ing competence on nearby topic(s) can be found. Also,
by using using ontologies in the Competence Manager al-
lows supporting multiple domain ontologies, which can be
imported at runtime. In addition to maintaining multiple
simultaneous domain ontologies, the portability—for in-
stance from one organization to another—does not require
changes to the implementation.

In [Berners-Lee et al., 2001], the authors define that “the
Semantic Web is an extension of the current web in which
information is given well-defined meaning, better enabling
computers and people to work in cooperation”. The Com-
petence Manager aims at realizing this definition in the area
of corporate memory and especially the competence man-
agement part of it. The knowledge base in the Competence
Manager is modeled as ontologies; thus, in this paper we
demostrate, how the Semantic Web technologies can be
used in a practical application on the area of competence
management.

The rest of this paper is organized as follows. Section 2
gives the motivation for our work, and describes the tasks
the Competence Manager can be used for. Section 3 intro-
duces the general architecture of the Competence Manager.
Sections 4 and 5 describe the Competence Manager func-
tionality; we explain what kind of ontologies the Compe-
tence Manager uses, and how the Competence Manager is
used in practice. Finally, Section 6 concludes this paper.

2 Motivation
For companies with intellectual property it is crucial to
have an environment, where the knowledge can be shared
efficiently within the company. One way of sharing
knowledge—and maybe the most common one—is to first
establish a network of contacts; that is, an employee knows,
what kind of competencies her co-workers have. After that,
the knowledge is shared by asking the competent person di-
rectly.

As companies get larger, it becomes increasingly diffi-
cult to manage the knowledge and competencies that their



Web Services

.NET front-end
Clients

Tomcat + JWSDP

C
o
m

p
e
te

n
c
e
IF

C
o
m

p
e
te

n
c
e
Im

p
l

Competence
Manager

Ontologies

Java back-end

Figure 1: Competence Manager architecture

employees have. The knowledge sharing within small com-
panies usually happens in a face-to-face fashion between
the employees; everyone knows each other, and the com-
petencies of their co-workers. However, in large compa-
nies, which are usually geographically distributed even be-
tween different countries, the contact network of an em-
ployee usually covers only a fraction of the whole com-
pany. In these kind of companies the efficient knowledge
sharing is extremely challenging.

The Competence Manager is targeted at managing and
sharing competencies, and it can be used at least for the
following crucial tasks. Firstly, the Competence Manager
can be used to track down competent persons within a com-
pany. This functionality could be used when a person needs
assistance or help for something, a project manager is gath-
ering competent persons for a project, or a document writer
needs some background information about something. Sec-
ondly, the Competence Manager can be used as a tool dur-
ing development discussions between superiors and their
employees; the current competencies and the competence
areas needing improvements can be identified, and a devel-
opment path(s) can be planned. Thirdly, the Competence
Manager can serve as a tool for company management in
strategic coordination activities. The overall competence
levels on various areas can be identified, and in the case of
defining company’s strategic goal, the Competence Man-
ager can be used in identifying the areas needing more or
less competence.

The users access the Competence Manager through a
front-end server, which takes care rendering the user in-
terface. The front-end server uses Web service interface
in order to access the ontology server, which maintains the
competence ontologies and implements the inference en-
gine operating on those ontologies. In the following sub-
sections we will describe these in more detail.

3 Architecture

The architecture and the general parts of the Competence
Manager are depicted in Figure 1. The users (clients) ac-
cess the system through a front-end server, which renders
the user interface according to the client device. The front-
end is implemented as Microsoft .NET Web application,
because it allows an easy and fast way to develop graphical
user interfaces that are able to adapt to a variety of client
devices.

The back-end of the Competence Manager is exposed as
a Web service, which the front-end server accesses in de-
livering the requests from the user interface. One reason
for choosing the .NET for implementing the front-end is
its built-in support for Web services. However, the front-
end could be implemented with other technologies as well,
such as Java-based application servers. Furthermore, due to
the Web service interface, the Competence Manager could
be accessed by Web service-enabled clients or devices di-
rectly.

The Java Web Service Development Pack (JWSDP) 1.4
is used to implement the Web service interface and the im-
plementation, and the Tomcat 5.0 application server hosts
the deployed Web service. The Web service implemen-
tation forwards all the requests to the Competence Man-
ager, which implements the real functionality. This loose
coupling between the Web service implementation and the
Competence Manager makes it easy to switch the JWSDP
to another Web service application server, if desired. One
reason for choosing the JWSDP over for instance Apache
Axis is that there is a client-side Web service API tar-
geted at J2ME-capable mobile phones, and this API is built
on top of JWSDP. This enables accessing the Competence
Manager directly from a Midlet running on a mobile phone.

The Competence Manager maintains the ontologies and
implements the inference engine used for instance in
queries. We will describe these in more detail in the next
sections.

4 Ontologies in the Competence Manager

The ontologies in Competence Manager are divided into
general and domain-specific parts. The general ontology
defines the mandatory classes and properties for the com-
petence topic hierarchy. The domain ontologies define the
domain-specific resources, and must conform to the gen-
eral ontology. This asserts that the inference engine works
correctly with the domain ontologies.

Examples of the classes defined in the general ontology
include Topic, Resource, Group, and Relevance.
These classes have properties such as hasParentTopic,
hasResource, hasMember, relevanceTopic, and
relevanceValue. These are depicted in Figure 2. The
topic hierarchy in the domain-specific ontology is realized
as instances of the Topic class, and parent-child relations
are defined using the hasParentTopic property. The
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Figure 2: General ontology
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Figure 3: Sample domain ontology

instances of the Relevance class specify the relevance
level of some resource (e.g., a person’s competence) to a
certain topic. The relevance value in the Competence Man-
ager can get integer values from one to five. For instance,
an employee having an excellent knowledge on some topic
may set the relevance value to five, whereas some other em-
ployee with only some background information about the
same topic could set the value to one. The Group class al-
lows tying a group of resources together. This is useful for
instance when modeling static organizational units within
a company, but also when creating cross-organizational
groups of competent persons dynamically.

The domain ontology defines the classes and their in-
stances that have competencies or are related to the top-
ics. The resources can be freely defined as domain-
specific classes, as long as they are subclasses of the
Resource class. Furthermore, the relationships (proper-
ties) between the domain-specific resources can be freely
defined, but the properties must be defined as a sub-
property of the hasResource property. For instance,
the domain-specific ontology depicted in Figure 3 depicts
that a Person has competence of a Topic (with some
Relevance level), and that the Person can be a part of
a project, which is related to some Topic.

Figure 4 depicts a sample fragment of instances for the
domain ontology about software technologies. In this case
a rectangle represents an instance, and the identifier in-
side “<” and “>” characters denote the class, which the
instance realizes. The properties follow the same scheme
as in Figure 2. The topics are on the lefthand side, while
the resources are on the right. The instance “Mikko”
of a Person class has competencies on topics “OWL”
and “Java”. The instances of Project and Document
classes are about some topic, and also may have prop-
erties binding them together, such as hasDocument,
memberOf, and authorOf.

5 Using the Competence Manager
The operations the Competence Manager supports can be
divided into two parts. The browsing interface can be
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Figure 4: Sample instances of topics and other resources

used to make queries to the Competence Manager and dis-
play (graphical) reports about the information stored in the
knowledge base. The management interface on the other
hand can be used to manage the domain ontologies, and it
supports functionality to import new ontologies and mod-
ifying the existing ones. In the following subsections we
will cover these operations shortly.

5.1 Managing Domain Ontologies
The management interface allows importing new domain
ontologies to the Competence Manager, and managing the
existing ones. The Competence Manager supports multi-
ple domain ontologies, which can be imported at runtime.
In addition to maintaining multiple simultaneous domain
ontologies, the portability—for instance from one organi-
zation to another—does not require changes to the imple-
mentation. The only thing that has to be done is to de-
fine the domain ontology, and import it to the Competence
Manager.

The management of the existing ontologies is about
adding, modifying, and deleting the topics and resources of
the domain ontology. For instance, after attending a course
on Java programming language, the employee may increase
her competence on Java to the upper level, and optionally
add to the competence description about the things learned
on the course. Respectively, other kind of domain-specific
resources—such as persons, documents, and projects—can
be managed for instance by linking people and documents
to projects.

5.2 Making Queries
The Competence Manager provides three ways of making
queries to the knowledge base. The regular expression-
enabled searches (see Figure 5, search area) can be used
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to find some specific resources. These kind of searches do
not make use of any ontological relationships, but apply
the search on all the instances in the knowledge base. Once
the resource(s) has been found, the topics and other related
resources can be retrieved (see Figure 5, person-related re-
sources areas).

The second kind of query takes a topic as a parameter,
and returns all the related resources found in the knowledge
base. In this case only the exact matches—that is, resources
referring to that specific topic in the query—are displayed.
For the exact matches, the knowledge level is displayed
as bullets ranging from one to five (see Figure 5, exact
matches area). If there are no exact matches, the third kind
of query allows querying the resources that are closest to
the queried topic (see Figure 5, closest matches area). This
query makes use of an algorithm called object match [Sto-
janovic et al., 2001], which calculates the distance to the
neighboring topics, and returns the resources related to the
closest ones. This is useful in a case where the best can-
didates (i.e., the persons having competence directly on
the searched topic) are not available, but some candidates
having competence on nearby topic(s) are found. For in-
stance, when competent persons or other resources on the
searched topic “Perl” are not available, the persons hav-
ing competence on—or the resources related to—topics
“TCL”, “Python”, or even “C”, which does not have the
same direct parent topic with the others, might be close
enough to the searched topic, and they could be still ac-
cepted. This is depicted in Figure 6, where the closest top-
ics (with percentages) to “Perl” are shown. The algorithm

takes into account the depth of the queried topic in the topic
hierarchy. For instance, the topics “C” and “Pascal” (lo-
cated at some leaf nodes), are semantically closer to each
other than top-level topics “Marketing” and “Technology”.

6 Conclusion
In this paper we demostrated, how the Semantic Web tech-
nologies can be used in a practical application. We de-
scribed an ontology-based competence management tool
called Competence Manager, which can be used in search-
ing for competent persons within a company, as a tool dur-
ing development discussions between superiors and their
employees, and as a tool for company management in
strategic coordination activities. The Competence Manager
provides operations for querying the knowledge base, man-
aging the ontologies, and providing reports about the re-
sources stored the knowledge base. The Competence Man-
ager is not currently publicly available.
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